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GENERAL INTRODUCTION 
Justification for Study 
The growing of field corn, Zea mays L., is one of the 
most important agricultural enterprises in Iowa. 
Approximately 5.7 million hectares were devoted to this crop 
in Iowa in 1980 (Hanthorn et al. 1982). The larvae of the 
western corn rootworm (WCR), Diabrotica virqifera virqifera 
LeConte, is a serious, chronic insect pest of continuous 
corn. About 44% of the corn grown in Iowa in 1980 was 
treated with an insecticide to reduce economic damage from 
this pest and its close relative, the northern com rootworm 
(NCR), Diabrotica barberi Smith and Lawrence (Hanthorn et al. 
1982). However, Turpin (1977) has shown that 93% of the 
insecticide applications for control of com rootworm larvae 
were made with little knowledge regarding the probability of 
an economic infestation. 
Sanqpling techniques and programs have been developed for 
the different life stages of the com rootworm (Bergman et 
al. 1981, Foster et al. 1979 and 1982, Hein and Tollefson 
1984, Steffey et al. 1982, and Tollefson 1975). Adult 
sanqpling for predicting subsequent larval damage is the most 
commonly used method since it is sinqple to do and economical. 
The major drawback is that there is a minimum of nine months 
between adult sampling and the realisation of the larval 
damage. This period is spent primarily as an overwintering 
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egg, biologically the least understood stage in the rootworm 
life cycle. Fall egg sampling only provides slightly better 
estimates of subsequent larval damage while being much more 
time consuming. Egg sampling in the spring gives no better 
estimation unless viability is determined. The only method 
to determine the actual infestation level of the most 
damaging stage is by larval sampling as described by Bergman 
et al. (1981). This method is extremely labor intensive and 
is not used. While prophylactic treatment of the soil with 
an insecticide is not a desirable pest management strategy it 
is very effective, especially when it is uncertain if an 
infestation even exists. 
Adult control may be an alternative to larval control. 
The adult stage is not the most damaging, but if adults are 
present in sufficient numbers, pollination reduction may 
occur due to silk clipping. They do lay the eggs which will 
become next year's damaging larvae. Adult control for 
prevention of oviposition may require multiple applications. 
Presently, the cost of two applications for adult control is 
prohibitively hi#. Adult control is usually not 
recommended. However, the use of pheromones, alone or in 
combination with other control methods, may make adult 
control economical. This may be especially true since the 
western and the northern corn rootworms apparently use the 
same sex pheromone (Krysan et al. 1980). 
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Prior to thf implementation of a control program, 
however, efficacy must be demonstrated under field 
conditions. Efficacy is defined as "the prevention or 
reduction of crop damage or the pest population where there 
has been a clear relationship established between the density 
of the damaging stage and yield (quantity or quality) or a 
lowered population density is the only objective of the 
treatment" (Roelofs 1979). Pheromones may be used in either 
or both of the following two control tactics in a pest 
management system: attraction or disruption. Roelofs (1979) 
has discussed five steps in each of these tactics that lead 
to definitive efficacy tests. These are, briefly: 
Attraction 
1. Characterization of chemical(s). 
2. Maximisation of trap catch. 
3. Determination of optimum trap spacing and density. 
4. (optional) Determination of the feasibility of using 
the attractant in combination with toxicants, 
sterilants, or pathogens. 
5. (implied) Determination of the effectiveness of the 
method in large field trials. 
Disruption 
1. Characterization of chemical(s). 
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2. Initial screening of different sources and different 
release rates. 
3. Small plot field trials to evaluate the effects of 
pheromone inundation on male response disruption. 
4. Small plot field trials to evaluate the effects of 
pheromone inundation on actual female mating and 
subsequent progeny production. 
5. Large plot field trials to evaluate the effects of 
pheromone inundation on actual female mating and 
subsequent progeny production. 
Prior to the initiation of this project, only step one under 
both tactics had been completed for the western corn 
rootworm (Cuss et al. 1982). 
This project is intended to supply some of the initial 
information needed to develop an adult western corn rootworm 
management program using the synthetic sex pheromone as a 
major component. It deals primarily with steps two and three 
under both tactics described above. The specific objectives 
were; 
1. To determine the temporal efficiency of the Pherocon^ 
AM trap baited with WCR synthetic sex pheromone. 
2. To identify the pheromone concentration and 
dispenser most effective in attracting large numbers 
of WCR adults to Pherocon AM traps. 
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3. To describe the area of influence of a single source 
emitting WCR synthetic sex pheromone. 
4. To determine the effects of pheromone Inundation on 
male response disruption. 
Explanation of the Dissertation Format 
The remainder of this chapter contains a review of the 
literature dealing with semiochemicals (primarily pheromones) • 
and is divided into three parts. The first part is a brief 
history of pheromone research and a general review of the 
most pertinent summary publications. The second part reviews 
the pheromone literature in the four areas of research 
conducted by the author. The last part discusses the three 
groups of semiochemicals that have been shown to affect 
species within the genus Diabrotica. 
Section I describes the temporal efficiency of the 
Pherocon AM trap baited with WCR synthetic sex pheromone. It 
also describes the differences in adult capture by Pherocon 
AM traps baited with five, one, or zero Conrel® fibers 
emitting the pheromone. Section II describes the 
identification of the source and concentration which 
maximizes the capture of WCR adults in Pherocon AM traps. 
Sections I and II report the research conducted during 1981. 
Section III describes the area of influence of a single 
WCR pheromone source. It also estimates -tiie behavioral 
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threshold of a responding male and the area of influence of a 
pheromone-emitting female. Section IV describes the effects 
of different levels of pheromone inundation on the ability of 
males to respond to pheromone-emitting virgin females. 
Sections HI and IV report the research conducted during 1982 
and 1983. 
Literature Review 
History of pheromone research and general review 
Research in chemical attraction started approximately 
one hundred years ago when Jean Henri Fabre, the great 
naturalist, noticed that male emperor moths were attracted to 
caged virgin female moths, and even to the empty cages that 
had contained the females (Birch and Haynes 1982). He was 
unable to deduce that this phenomenon was olfactory 
communication. Subsequently, many descriptions of similar 
behavior have been recorded. It was not until the late 
1950», however, that the scientific community became keenly 
interested in this type of communication. This interest 
culminated in the first identification of the chemical 
structure of an insect pheromone, that of the silkworm moth, 
by Butenandt et al. (1959). 
The first major effort to identify and syn.thesise the 
natural sex attractant of an insect was conducted by the 
U. S. Department of Agriculture and involved the gypsy moth 
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(Knlpling 1979). Collins and Potts (1932) summarized studies 
dating back to the 1890s and demonstrated that virgin females 
or female extracts were highly attractive to the males. 
After several false leads were persued, Bierl et al. (1970) 
finally identified the correct structural formula of the 
active substance and synthesized it. 
Research in the field has expanded tremendously in the 
past two decades. Jacobson (1965) summarized all previous 
work in a single volume. At that time, the structure of only 
three pheromones was known and there were only 369 
references. Seven years later, Jacobson (1972), in what is 
essentially the second edition with a name change, listed 
1337 references and discussed the structures of the 37 
pheromones that had been identified. Presently, there are 
over 5000 papers and 40 books dealing specifically with 
insect attractants (including pheromones). Of the 674 
arthropod species for which the chemical structure of 
attrmctant# h#v# been identified, 475 are wpidopter#, 82 are 
Coleoptera, 37 are Diptera, 35 are Bymenoptera, 22 are 
Bemiptera, 14 are Acarina, 4 are Orthoptera, 3 are 
Neuroptera, and 2 are Isoptera (Klassen et al. 1982). 
nie field of chemical ecology has grown so rapidly and 
has become so involved in almost every discipline within 
entomology that a selected review is necessary to introduce 
the reader to the vast amount of literature. The following 
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five works are very informative and collectively review all 
the essential literature. Jacobson (1972) summarizes all 
work done prior to about 1970. Nordlund (1981) reviews the 
classification system of semiochemicals that has come to be 
in general use today. The short book by Birch and Kaynes 
(1982) briefly discusses seven major areas oE insect 
pheromone research. It is well-organized and written to 
provide a succinct introduction to the field. Roelofs (1980) 
describes current state-of-the-art methodologies for using 
pheromones in pest control. He begins with the isolation and 
identification of the compound and continues through to the 
determination of efficacy in mass trapping or mating 
disruption tests for insect control. While the paper deals 
specifically with pheromones of Lepidoptera, the 
methodologies are applicable to most insect pests. Kydonieus 
and Beroza (1982) have compiled the most complete treatise on 
arthropod attractants to date. Table 1 in chapter two of the 
first volume describes the current status of research, 
development, and use of pheromones and attractants for 
arthropods. It is completely referenced and is organized 
alphabetically by species within Orders. This table is 
complemented by three tables in chapter 15 of the second 
volume. These tables list the chemical compound, by 
functional group (Table 1) or common name (Table 3), and the 
arthropod species affected by it, or vice versa (Table 2). 
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Chapter two in volume one is especially informative since it 
describes the role of pheromones in integrated pest 
management programs. The remainder of the treatise deals 
primarily with controlled release technologies and the role 
of pheromones in pest control. 
For further information the interested reader is 
strongly encouraged to examine these publications and the 
references they contain. The rest of this chapter will 
review the specific literature pertinent to the dissertation. 
Trap efficiency 
The term "trap efficiency" has come to be used in three 
different contexts. It is most commonly used in the 
determination of the optimum trap type for a specific 
purpose. The effectiveness of two or more different traps is 
evaluated by comparing the numbers of insects captured by 
each trap type. The most efficient trap is that which 
captures the highest number (Gross et al. 1963 and 
Hollingsworth et al. 1978). 
Trap efficiency has also been used to describe how well 
a trap captures insects. Although Elkinton and ChiIds 
(1963), Birano (1960), Mastro et al. (1977), Raulston et al. 
(1980), Snodgrass et al. (1979), Sparks et al. (1979), and 
Timmons and Potter (1981) use a variety of terminologies, 
their methodologies and evaluations are similar. In all 
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cases, a person or persons watched a trap and recorded all 
insects of the test species that were attracted to the trap 
and all insects that were actually captured by the trap. 
Trap efficiency, expressed as a percentage, is determined to 
be the number of insects captured divided by the number of 
insects attracted to the trap. Lingren et al. (1978 and 
1980) have used night vision goggles and other techniques for 
nocturnal evaluation of trap efficiency. 
Howell (1974) has described trap efficiency in terms of 
competition. In his studies, trap catch was determined by 
the size of the population of pheromone-emitting females he 
released. Leggett (1980) used different types of traps, 
competing with each other for female boll weevils, to 
evaluate trap efficiency. Leggett et al. (1981), Paiva 
(1982), and Wall and Perry (1978, 1980, and 1981) have used 
the same types of traps at different spacings so that their 
effective trapping areas overlap and interfere with each 
other; again competition. 
Karr (1984) has used the term "temporal efficiency", 
which may be viewed as a fourth type of trap efficiency. She 
has studied the ability of the Pherocon AM trap to capture 
insects over time, i.e., trap durability. 
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Controlled release systems 
Zeoll et al. (1982), in their overview of controlled 
release technologies, have defined controlled release (CR) as 
"the permeation-moderated transfer of a biologically active 
material from a reservoir to a target surface to maintain a 
predetermined emission or concentration level for a specified 
period of time". A CR product consists of the active agent 
(pheromone) and the polymer matrix or matrices that regulate 
its release. Oaterman (1982) has reviewed the various types 
of CR bait systems that have been used in insect pheromone 
research and different factors influencing their release 
rates. 
Three CR systems (rubber septa, Hereon® Luretape^M 
dispensers, and Conrel fibers) have been used in research 
pertaining to this dissertation. Quisitnbing and Kydonieus 
(1982) discuss the Hereon system and describe various 
pheromone formulations that are presently being used or 
evaluated for specific pest management programs. Ashare et 
al. (1982) similarly review the Conrel system. Rubber septa 
have been used most commonly and with the greatest degree of 
success. They are reliable bait releasers and offer a great 
deal of flexibility of release rates (Daterman 1982). Rubber 
septa are especially advantageous due to the mass of data 
available on their release characteristics. Butler and 
HcDonough (1979 and 1981) have studied the release of a 
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series of pheromone chemicals from septa. Bierl-Leonhardt 
(1982) has reviewed current methods of measuring release 
rates which can be used for most sources. 
Whenever a new pheromone is identified, the optimum 
source and release rate for a given circumstance must also be 
determined. There are three papers which are especially 
helpful for this type of determination. Beroza et al. (1974) 
describe testing Hereon dispensers of different sizes. 
McNally and Barnes (1980) compared catches in traps baited 
with septa of varying ages with traps baited with either one 
or two Conrel fibers. Clement et al. (1981) tested a variety 
of dispensers baited with various ratios of active 
ingredients diluted to different concentrations. Further 
examples of pertinent research to determine the best 
dispenser and/or release rate are as follows (by family): 
Flint et al. (1974) and Hathaway (1981) for Gelechiidae, 
Serosa et al. (1971a,b) and Schwalbe et al. (1983) for 
Lymantriidae, Howland et al. (1969) and Sharma et al. (1971) 
for Hoctuidae, Culver and Barnes (1977) and Maitien et al. 
(1976) for Olethreutidae, Roelofs et al. (1972) for 
Pyralidae, Yonce et al. (1976) for Sesiidae, Baker et al. 
(1975) and Sanders (1982) for Tortricidae, and Lin et al. 
(1982) for Yponomeutidae, all within the Lepidoptera. 
Leggett and Taft (1979) for Curculionidae and Tilden et al. 
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(1983) for Scolytidae are excellent examples within the 
Coleoptera. 
Area of influence 
Pheromones may be used for the control of an individual 
pest species in one or more of the following strategies* 
monitoring, mass trapping, or mating disruption (see next 
section). The release rate and best source to deliver this 
rate must first be identified. In the latter two strategies, 
the deployment pattern of the sources which will result in 
the greatest amount of coverage of an entire area with the 
least amount of overlap of the areas affected by the 
individual sources must be determined. The area of influence 
(AI) may be loosely defined as the area affected by an 
isolated source. The AI will delineate the optimum distance 
between adjacent pheromone-baited traps used for mass 
trapping or between individual sources used for mating 
disruption. 
As odor molecules disperse from a source the 
concentration of the odor in the air will decline with 
increasing distance. The AI is more succinctly defined as 
the volume of air inside which the odor concentration is 
above threshold, the level sufficient to produce a behavioral 
reaction in the receiving organism. The communication 
distance (CD) is the maximum distance downwind of the source 
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where the odor concentration is above threshold, i.e., the 
downwind limit of the AX (modified from Elkinton and Carde 
1984). If the AI is circular, then the CD is equal to the 
radius. 
Research to define the AI or CD of specific insects has 
been conducted since 1970. Researchers have used a number of 
different methods for this purpose. Karandinos (1974), Kehat 
et al. (1976), Nakamura and Kawasaki (1977), and Patrick and 
Hensley (1970) recaptured marked males released at different 
distances from pheromone traps. Aylor et al. (1976) and 
Nakamura (1976) observed the responses of caged males at 
various distances from pheromone sources. Baker and Roelofs 
(1981), KiShaba et al. (1970), and Ishii et al. (1981) used 
both recapture of marked males and male response. 
Mathematical models have been used to determine the AI or CD 
by Bossert and Wilson (1963), Hartstack et al. (1976), 
Hirooka and Suwanai (1976), Sower et al. (1971 and 1973), and 
Wright (1958). Shapas and Burkholder (1978) used a wind 
tunnel to determine the CD of a dermestid beetle. 
The methods described in the preceding paragraph, with 
the exception of the mathematical models, have all used 
captured individuals to directly measure the AI or CD. Two 
other groups of researchers have described another method 
which uses natural (field) populations and indirectly 
measures the AI. The first group was involved in monitoring 
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or mass trapping studies and includes papers by McNally and 
Barnes (1981). Riedl and Croft (1974), and Toba et al. 
(1970). These researchers attempted to determine the optimum 
deployment spacing and pattern of pheromone traps. They 
determined that the percentages of insects they captured were 
dependent on the spacings they used. Wolf et al. (1971) 
proposed a model to estimate the optimum trap density for use 
in mass trapping programs. These researchers, by determining 
the optimum spacing relative to a percentage, essentially 
described the AI without realising they had done so. The 
second group is represented in papers by Howell (1983), Paiva 
(1982), Perry and Wall (1984), van der Kraan and van Deventer 
(1982), and Wall and Perry (1978, 1980, and 1981). They 
determined the AI by measuring the competitive interaction 
between traps at different spacings, i.e., the minimum 
spacing necessary so that adjacent traps no longer interacted 
competitively with each other. 
The transport of odor signals in the air and the various 
mathematical models which have been used to describe the 
dispersion of pheromones, in particular, have been recently 
reviewed by Elkinton and Carde (1984). Caro (1982) also 
briefly discusses pheromone dispersion in addition to 
reviewing the sensing of pheromones by insects and the 
responses of insects to pheromones. 
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The research in this field is so new that the 
terminology has yet to be standardized. In fact, many of the 
authors listed above use their own term or terms. Area of 
influence is synonymous with active space, distance of 
attraction, drawing range, effective attractance area, 
effective distance, effective sphere, mean maximum active 
distance of response initiation, range of action, range of 
attraction, range of competitive advantage, range of 
influence, sex pheromone-effective sphere, trapping pattern, 
and trapping zone. It is quite surprising that the 
definition of AI, given above, is almost universally used or 
implied to describe each of these terms. However, each 
author has chosen to define the term "behavioral reaction" in 
his own way. 
Pheromone usage in pest management 
The use of sex attractant chemicals in pest control has 
developed along three main pathways: monitoring of insect 
populations with pheromone-baited traps, control by mass 
trapping using large numbers of traps to reduce population 
levels, and control by mating disruption in which synthetic 
pheromone is used to permeate the atmosphere so that an 
insect will be unsuccessful in finding a mate (Campion 1983). 
Klassen et al. (1982) currently list 444 arthropod species 
for which chemicals have been used for either survey and 
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detection or predictive monitoring or both. They also list 
71 species for which annlhilative trapping has been 
demonstrated and 131 species for which mating disruption 
studies are being conducted. 
The largest body of literature in pheromone research is 
centered on the practical application of insect pheromones in 
pest control; however, there are a few review sources from 
which detailed information and specific references may be 
obtained. Birch et al. (1974) summarize a variety of control 
programs in the early stages of their development. Shorey 
and McKelvey (1977) discuss the theories and practices of 
pest management using semiochemicals as seen by the insect 
behaviorist. The viewpoint of the chemist is presented by 
Serosa (1976) and later by Leonhardt and Serosa (1982). 
Roelofs (1981) reviews the advances made from 1975 through 
1979. Mitchell (1981) is complemented by volume two of 
Kydonieus and Serosa (1982). They describe the history and 
current status of research being conducted on a wide variety 
of insect pests. Together, they contain the most complete 
lists of publications to date. 
The results that may be obtained from an experiment are 
dependent on the manner in which the tests are conducted. 
This is especially true in pheromone research. Tette (1974) 
and Roelofs (1980) describe the basic principles needed to 
design meaningful experiments using pheromones in insect pest 
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management. Minks (1977) describes the feasibility and 
limitations of pheromone-baited traps. Trapping models have 
been developed by Barclay and van den Drlessche (1983) to 
give insights into the design of laboratory and field 
experiments. Perry et al. (1980) promote the use of Latin 
Square designs in field experiments. Roelofs (1979) 
describes progressive steps in the development of mass 
trapping or mating disruption systems that lead to definitive 
efficacy tests. He also presents, in detail, tests on 
species for which efficacy has been demonstrated at the crop 
damage or population level. 
Dlabrotica semiochemicals 
Pheromones Cuthbert and Reid (1964) were the first 
t6 prove the existence of a pheromone in a member of the 
genu* Diabrotica. They determined that extracts from the 
abdomens of female D. baleata LeConte, the banded cucumber 
beetle (BCB), were highly attractive to male# of the species. 
Attempts to determine the exact chemical structure of the 
pheromone failed (Schwarz et al. 1971), Sonnet (1982) and 
Guss et al. (1983b) jointly isolated and identified the sex 
pheromone of the southern com rootworm (SCR), D. 
undecimpunctata howardi Barber. The synthate was shown to be 
attractive to males of the SCR, and also to males of D. u. 
undecimpunctata, the western spotted cucumber beetle, and of 
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D. u. duodecimnotata. Branson et al. (1978) reported that. 
In Mexico, males of the BOB were not attracted to the 
pheromones of either D. virqifera (sensu lato) or of the SCR; 
nor were males of the SCR attracted to the pheromone of D. 
viraifera. However, pheromone extracted from a laboratory 
strain of South Dakota D. u. howardi was attractive to males 
of the Mexican population of this species. Krysan et al. 
(1960) determined that D. virqifera virqifera Le Conte, the 
western com rootworm (WCR), 0. v. zeae Krysan and Smith, the 
Mexican corn rootworm (tentative), and 0. lonqicornis barberi 
Smith and Lawrence, the northern com rootworm (NCR), 
apparently all use the same sex pheromone system. Krysan et 
al. (1983) measured sex pheromone response and used it as one 
of the characteristics elevating D. barberi Smith and 
Lawrence, the NCR, to specie* rank. They observed that sex 
pheromone extracts which attract D. barberi males did not 
attract D. lonqicornis males, and that males of each species 
were attracted by conspecifie virgin female beetles but not 
by females of the other species. They also reported that 
virgin WCR females attracted NCR males but did not attract D. 
lonqicornis males. Cuss et al. (1983a) determined that males 
of D. cristata (Harris) responded to racemic 8-methyl-2-decyl 
acetate and that the 2S,8R configuration was the only active 
stereoisomer. They also discuss the seven Diabrotica of the 
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vlrqlfera group that are known to respond to propionate or 
acetate esters of 8-methyl-2-decyl decanol. D. cristata and 
D. porracea (Harold) respond exclusively to the 2S,8R acetate 
and propionate stereoisomers, respectively. D. v. virqifera 
and O. y. zeae respond preferentially to the 2R,8R, and 
secondarily to the 2S,8R, propionate. D. barberi. D. 
longicornis. and an undescribed species of Diabrotica (near 
roapiriensis Bowd.) are also listed, but their stereospecific 
responses are unknown. The specific literature pertaining to 
the WCR is presented in the next section and need not be 
duplicated here. 
Attractant kairomones Ladd et al. (1983) discovered 
that eugenol, a compound of a food-type lure for Japanese 
beetles, was attractive to adults of the NCR but not to 
adults of the WCR. Ladd (1984) tested eugenol and nine 
eugenol-related compounds for attractancy to the NCR. He 
determined that isoeugenol and 2-methoxy-4-propylphenol were 
of similar attractancy as eugenol and that there was no 
evidence of attractive synergism between any combination of 
these three compounds. He does not mention any sexual 
preference for any of the compounds. While these compounds 
are widely distributed in the plant kingdom, he postulates 
that the attraction of the NCR may indicate the extent to 
which it is adapted to feed on hosts other than com. 
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Arrestant and feeding stimiil&nt kairomonea Derr et 
al. (1964) were the first to notice the presence of a feeding 
stimulant in squash blossoms. Since then several 
entomologists have shown that cucurbitacins, the bitter 
principles present in the plant family Cucurbitaceae, are 
potent arrestants and feeding stimulants for Diabrotica SPP. 
(Chambliss and Jones 1966, Sharma and Hall 1973, and Howe et 
al. 1976). Chambliss and Jones (1966) and Sharma and Hall 
(1973) referred to cucurbitacins as attractants. Howe et al. 
(1976) found that there was no positive olfactory response to 
purified cucurbitacin extracts and concluded that they acted 
as feeding stimulants or arrestants but not as attractants. 
Metcalf et al. (1979) reasserted the possibility that 
cucurbitacins were attractants and investigated the role of 
these plant allelochemicals in the coevolution of the 
Cucurbitaceae and the tribe Luperini of the Galerucinae 
(Chryaomelidae). Metcalf et al. (1980) suggest a method to 
explain how these nonvolatile conqpounds could mobilize and 
thereby be detected at a distance. Rhodes et al. (1980) 
explored the genetic manipulation of cucurbitacin content in 
Cucurbita cultivars and hybrids to either eliminate or 
enhance cucurbitacin content. The hybrids with enhanced 
cucurbitacin content were then tested as the attractive 
components in monitoring or mass trapping strategies for com 
rootworm adults (Metcalf et al. 1981). Metcalf et al. (1962) 
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examined the qualitative and quantitative content of 
cucurbitacins in leaves» fruit, and roots of 18 of the 24 
species of Cucurbits. They also reported the extent of 
aggregation and feeding by the WCR and SCR on crumpled leaves 
and sliced fruits of the various species. Similar research 
was later conducted on the cotyledons of 19 species and 46 
cultivars of Cucurbits. Cucumis, and Citrullus (Ferguson et 
al. 1983). Branson and Cuss (1963) conducted laboratory and 
field experiments to test the response of the WCR and the NCR 
to cut fruits of Cucurbits spp. containing either high or low 
amounts of cucurbitacins. They concluded thst cucurbitacins 
in the bitter fruits did not act as Oiabrotica attractants 
and that the preference of these insects to choose bitter 
over nonbitter Cucurbits spp. as aggregation sites is not due 
to a differential olfactory response to the amount of 
cucurbitacins present. 
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SECTION X. THE WESTERN CORN ROOTWORM (COLEOPTERA: 
CHRYSOMELIDAE) SYNTHETIC SEX PHERONONE: 
TEMPORAL EFFICIENCY OF THE PHEROCO# AM 
TRAP 
Abstract 
Th# temporal efficiency of the Pherocon® AM trap in 
capturing adult western corn rootworms, Diabrotica virqifera 
virqifera LeConte, was studied over a ten-day period in two 
fields of corn following corn with different infestation 
levels. Traps were either replaced every two days or 
remained in the field for the entire period and were either 
unbaited or baited with a Conrel® fiber. The field 
infestation level difference was not detected by trap 
captures and the use of these traps baited with Conrel fibers 
is not recommended for population estimation. Unbaited traps 
replaced every two days captured more beetles than similar 
traps left in the field for ten days, but when the traps were 
baited with pheromone the opposite was true. The temporal 
efficiency of the unbaited traps declined at a rate of 1.8% 
per day over the length of the study; however, the temporal 
efficiency of the baited traps increased at a rate of 4.8% 
per day. 
A two-plant count, counting the number of beetles on 
each of two plants, was taken at two-day intervals near each 
trap. Comparisons of counts near five two-day traps with 
counts near one ten-day trap for both fields determined that 
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the numbers of beetles surrounding the traps increased over 
time; however, not all rates of increase were equal. The 
numbers of beetles near baited traps increased over time 
while the levels near unbaited traps remained stable. 
Beetles moved from areas without synthetic pheromone into 
areas near pheromone-baited traps. 
A second study was conducted to compare catches by 
unbaited traps with catches from traps baited with either one 
or five Conrel fibers per trap. All three treatments were 
significantly different from each other. Traps with five 
fibers caught only 1.6 times as many beetles as traps with 
one fiber. Catches in baited traps were consistent over the 
study while the captures in unbaited traps fell off steadily. 
Introduction 
The existence of a pheromone in the western com 
rootworm (WCR), Diabrotica vireifera vireifera LeConte* was 
first suggested by Gates (1968). Ball and Chaudhury (1973) 
conducted limited field attraction studies with female 
extracts which provided further evidence of a pheromone of 
limited potency. The existence of a very powerful attractant 
in female extracts was proven by Guss (1976). Bartelt and 
Chiang (1977) conducted extensive field studies with sticky 
traps baited with either live females or female extracts. 
The structure of the pheromone-secreting cells was described 
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by Lew and Ball (1978). It was not until 1980, however, that 
the pheromone was isolated, identified, and synthesized (Cuss 
et al. 1982). Further studies by Guss et al. (1983) revealed 
8R-methyl-2R-decyl propanoate to be the active stereoisomer. 
Early in 1981, the WCR synthetic sex pheromone was formulated 
into Conrel* fibers. 
Sticky traps have been used in WCR research since being 
introduced by Kaufmann (1966). Tollefson et al. (1975) 
determined that yellow was the most attractive trap color. 
Nitkowski et al. (1975) reported that the highest 
concentration of flying WCR adults occurred approximately one 
meter above the ground. Hein and Tollefson (1984) determined 
the PheroconP AM trap, placed at ear level, to be the most 
effective trapping technique for estimating populations of 
adult rootworms. The temporal efficiency of this trap has 
been studied extensively by Karr (1984). 
Recently the term "efficiency", used alone or in 
combination with other words (e.g., actual, attraction, 
capture, comparative, response, retention, etc.), has assumed 
a variety of slightly different meanings depending on 
context. The term "temporal efficiency", as related to 
sticky traps used in this study, will be defined as "the 
ratio of the nundber of insects captured by weathered traps to 
the number captured by fresh traps". 
The objective of the first study was to determine how 
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many days a Pherocon AM trap, baited with WCR synthetic sex 
pheromone in Conrel fibers, could effectively capture adult 
beetles as compared to new traps similarly baited, i.e., 
determine when a decline in temporal efficiency became 
significant. The second study was designed to determine the 
relationships and/or differences among captures of WCR adults 
by Pherocon AM traps baited with five, one, or zero Conrel 
fibers emitting synthetic sex pheromone. 
Materials and Methods 
Procedure 
Pherocon AM traps were used throughout the trials and 
were placed one meter above the ground on corn plants. Prior 
to installation each trap was individually inspected and 
standardised to insure uniformity of the amount and 
distribution of the sticky material. 
The WCR synthetic sex pheromone, 6-methyl-2~decyl 
propanoate, used in this study was a racemic mixture of the 
four diastereomers in approximately equal proportions. The 
pheromone was released from eight mil PET Conrel hollow 
fibers at a rate of about 390 ng per day. Since Dr. Cuss 
(personal communication) determined that virgin females emit 
natural pheromone at a rate of about one ng per day, each 
source is approximately equal to 390 female equivalents. 
Each fiber was individually taped to a two centimeter binder 
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clip which could then be attached to a trap easily. 
Temporal efficiency study Two adjacent fields of 
corn following corn located one kilometer south of Ames, 
Iowa, were chosen as the test sites. Plant counts (Steffey 
et al. 1982) showed the fields had population levels of one 
and four beetles per plant, respectively. The experimental 
design was a split split-plot. The main plots were the 
changed (every two days) vs. the unchanged trap pairs, 
arranged as a randomized complete block with eight 
replications. The number of beetles captured by each trap 
was recorded every two days. The subplots were the baited 
vs. unbaited trap pairs. Each baited trap contained one 
Conrel fiber. The sub-subplots were the repeated measures of 
the traps over time, the two-day trapping intervals. The 
traps were spaced 30 meters apart. Four two-plant counts 
were taken within each replication every two days. Each 
two-plant count was taken near a trap. The study was 
conducted over a ten-day period, from 4 August to 14 August, 
1981. 
Conrel fiber concentration study The test was 
conducted in the higher-population field mentioned above. 
The experimental design was a split-plot. The main plot 
treatments were an unbaited trap, a trap baited with one 
Conrel fiber, and a trap baited with five Conrel fibers. The 
treatments were arranged as a randomized complete block with 
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four replications. The traps were spaced 23 meters apart and 
were replaced every two days. The subplots were the two-day 
trapping intervals. The study was conducted over a 
twenty-day period, from 27 August to 16 September, 1981. 
Analysis 
A logarithmic transformation was used in all data 
analyses to eliminate the dependence of the variances on the 
means. The data were then subjected to analysis of variance 
and regression analysis. Due to repeated sampling over time, 
conservative degrees of freedom were used to determine 
differences among "days", two-day trapping intervals, as a 
main effect and within all interactions which included 
"days". Temporal efficiency was calculated by dividing the 
number of beetles captured on a fresh or weathered trap over 
a two-day period by the mean number of beetles captured on 
fresh traps over the same two-day period. 
Results and Discussion 
Temporal efficiency study - trap counts 
No difference was detected between the low and high 
population fields using analysis of variance. This indicates 
that the Pherocon AM trap, baited with one Conrel fiber 
releasing 390 ng of the WCR synthetic sex pheromone per day, 
cannot be used for population estimation since it was unable 
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to differentiate between a four-fold difference in actual 
beetle numbers. 
There was a significant (P=0.014) interaction between 
trap replacement times and treatments. Unbaited traps left out 
for five two-day intervals caught more beetles than unbaited 
traps left out for one ten-day interval. However, when the 
traps were baited the opposite was true. There was no 
detectable difference between trap replacement times; ten-day 
traps and successive two-day traps captured similar numbers 
of beetles. There was a significant (P=0.03) difference 
between treatments; unbaited traps captured fewer beetles 
than baited traps. 
There was a highly significant (P"0.005) interaction 
between treatments and days. The interaction is illustrated 
in Figure 1 in terms of temporal efficiency. The lines were 
determined by linear regression. The unbaited traps 
performed as expected. The temporal efficiency declined at a 
rate of 1.8% per day over the length of the stWy, The 
result obtained with the pheromone-baited traps was opposite 
to what was expected. The tenqporal efficiency increased at a 
rate of 4.0% per day. 
The temporal efficiency of the unbaited traps in both 
fields declined similarly over time. The significant 
(P=0.025) interaction among fields and treatments and days, 
therefore, was caused by the difference in how the baited 
30 
traps captured beetles in the two fields over time. The 
temporal efficiency of the baited traps in the higher 
population field increased at a rate of 7.5% per day while in 
the lower population field it increased at a rate of only 
2.7% per day. This difference also caused a significant 
(paO.Ol) interaction between fields and days. 
Temporal efficiency study - plant counts 
The plant counts were incorporated to monitor the 
population levels in the two fields at approximately 3(% 
precision, as defined by Steffey et al. (1982). Each 
two-plant count was taken near a trap. The number of beetles 
per plant near a trap seemed to be dependent on trap type. 
Analyses were conducted to determine whether the apparent 
differences were significant and if so what the relationships 
were. Plant counts were not taken in the lower population 
field on day ten but were estimated using linear regression 
to provide a balanced data set in the analysis of variance. 
There was a highly significant (P=0.0001) difference 
between the population levels in the two fields. Figure 2 
shows the relationships between fields and trap replacement 
times. The difference between plant counts near two-day 
traps vs. plant counts near ten-day traps was slightly 
significant (P=0.04) as was the interaction of fields and 
trap replacement times (P=0.04). The significance of both 
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the main effect and the interaction is due to the ten-day 
traps in the lower population field. The plant counts near 
these traps were similar across days while the plant counts 
near the other traps increased with time. 
Figure 3 shows how the plant counts near the baited 
traps and near the unbaited traps varied over days. The 
plant counts for both treatments on day ten are slightly 
inflated since the estimated counts in the lower population 
field are not included. The highly significant (P=0.005) 
difference among days is shown in that the plant counts 
averaged across both treatments increase over time. The 
highly significant (P»0.0001) difference in plant counts 
between treatments indicates that there were more beetles 
around the pheromone-baited traps than around the unbaited 
traps. The most biologically important result is the highly 
significant (F=0.005) interaction of treatments with days. 
The diverging lines (Figure 3) show that beetles moved from 
areas without synthetic pheromone into areas near the 
pheromone dispensers. The levels near the unbaited traps 
remained stable. This is a good indication that the 
pheromone sources were spaced far enough apart as to have had 
no effect on the unbaited traps. 
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Conrel fiber concentration study 
No significant difference was detected among replicates 
but there was a highly significant (paO.0004) difference 
among treatments as determined by the analysis of variance. 
Paired t-tests at the S% significance level indicated that 
traps baited with five Conrel fibers caught more beetles than 
either traps baited with one fiber or unbaited traps. Traps 
baited with one fiber caught more than unbaited traps. Trap 
catch between baited traps was not proportional to the number 
of fibers on the trap; traps baited with five fibers caught 
only 1.6 times as many beetles as did traps baited with one 
fiber. 
Analysis of variance determined that there was a 
difference among days (P=0,005) and a significant interaction 
between treatments and days (P=0.01). Single degree of 
freedom comparisons revealed that 95% of the interaction sum 
of squares was caused by the difference between the Conrel 
fiber (one and five fibers per trap combined) and the 
unbaited traps over days. 
Figure 4 shows the relationships of the trap catches of 
the three treatments over the 20 days of the study. The 
lines were determined by linear regressions. While the 
slopes for the traps baited with Conrel fibers are positive, 
they are essentially equal and neither is significantly 
different than zero. However, the slope for the unbaited 
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trap is negative and is significantly different than zero 
(P=0.02). Some of the difference among days and essentially 
all of the significance of the interaction between treatments 
and days can, therefore, be explained in terms of the 
decrease in catch of the unbaited traps over the course of 
the experiment. This decrease and the remainder of the 
difference among days is most likely due to the decline in 
the male rootworm population since the study was conducted 
late in the year. 
Although the Conrel fibers performed very consistently 
in the two studies described above, the numbers of beetles 
captured were surprisingly low, about 25 and 40 per trap per 
day with one and five fibers per trap, respectively. Dr. 
Paul L. Cuss (personal communication) in Brookings, South 
Dakota, had been capturing from 800 to 1000 beetles per trap 
per day with fibers from the same lot. 
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Figure I, Comparison of temporal efficiency of unbaited and 
pheroroone-baited traps by two-day intervals 
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Figure 2. Comparisons of western corn rootworm plant 
counts taken in two fields at two-day intervals 
near traps replaced every two days versus those 
left out for ten days 
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Figure 3. Comparison of western corn rootworm plant 
counts near unbaited and pheromone-baited 
traps by two-day intervals 
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Figure 4. Comparisons of mean log of western corn rootworm 
catches in unbaitcd traps with traps baited with 
either one or five Conrel fibers(s) per trap by 
two-day intervals 
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SECTION II. THE WESTERN CORN ROOTWORN (COLEOPTERA: 
CHRYSOMELIDAE) SYNTHETIC SEX PHEROMONE: 
DETERMINATION OP THE OPTIMAL CONCENTRATION 
AND SOURCE 
Abstract 
Captures of adult western corn rootworms, Diabrotica 
virçtiJejçjk vlrgifera LeConte, in Pherocon® AM traps baited 
with one of eleven pheromone sources were compared with each 
other and with an unbaited trap over a 42-day period. The 
sources consisted of six Hereon® Luretape^^ pheromone 
dispensers (three concentrations, each in two sizes), four 
concentrations in rubber septa, and one eight-mil PET Conrel^ 
fiber. The results of multiple comparisons among the sources 
showed that the 6.45 cm' Hereon sheet loaded with the highest 
concentration of pheromone outcaptured the other sources and 
is recommended for use in subsequent research. Reducing the 
size of a Hereon dispenser by one-quarter had the same effect 
on trap catch as a ten-fold decrease in initial 
concentration. 
Introduction 
The existence of a pheromone in the western com 
rootworm (WCR), Diabrotica virgifera virgifera LeConte, was 
first suggested by Gates (1968). Ball and Chaudhury (1973) 
conducted limited field attraction studies with female 
extracts which provided further evidence of a pheromone of 
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limited potency. The existence of a very powerful attractant 
in female extracts was proven by Guss (1976). Bartelt and 
Chiang (1977) conducted extensive field studies with sticky 
traps baited with either live females or female extracts. 
The structure of the pheromone-secreting cells was described 
by Lew and Ball (1978). It was not until 1980, however, that 
the pheromone was isolated, identified, and synthesized (Guss 
et al. 1982). Further studies by Guss et al. (1983) revealed 
8R-methyl-2R-decyl propanoate to be the active stereoisomer. 
Wisniewski (1984) compared catches by unbaited traps with 
catches by traps baited with either one or five Conrel* 
fibers per trap. He concluded that the rate of release from 
the fibers was not effective in attracting large nundoers of 
WCR adults to traps. The synthetic pheromone was formulated 
into Hereon® Luretape^^ pheromone dispensers in July of 1981. 
This is the first study to evaluate these sources as 
dispensers of the WCR pheromone. 
Sticky traps have been used in WCR research since being 
introduced by Kaufmann (1966). Tollefson et al. (1975) 
determined that yellow was the most attractive trap color. 
Nitkowski et al. (1975) reported that the highest 
concentration of flying WCR adults occurred approximately one 
meter above the ground. Rein and Tollefson (1984) determined 
the Pherocon® AM trap, placed at ear level, to be the most 
effective trapping technique for estimating populations of 
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adult rootworms. The temporal efficiency of this trap has 
been studied extensively by Karr (1984) using unbaited traps 
and by Wisniewski (1984) using traps baited with Conrel 
fibers. 
The optimum concentration of pheromone at a trap and the 
best dispenser for releasing the pheromone are unknown. The 
objective of this study was to determine which of the 
available dispensers and which concentration was most 
effective in attracting large numbers of WCR adults to 
Fherocon AM traps. This information is necessary to 
determine if an adult control program using the synthetic sex 
pheromone is feasible. 
Materials and Methods 
Procedure 
Fherocon AM traps were used throughout the study and 
were placed one meter above the ground on corn plants. The 
traps were uniformly spaced 23 meters apart and were replaced 
every two days. Prior to installation each trap was 
individually inspected and standardised to insure uniformity 
of the amount and distribution of the sticky material. 
The WCR synthetic sex pheromone« 8-methyl-2-decyl 
propanoate, used in this study was a racemic mixture of the 
four diastereomers in approximately equal proportions. Table 
I describes' the 11 sources compared in this study. Since Dr. 
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Cuss (personal communication) determined that virgin females 
emit natural pheromone at a rate of about one nanogram per 
day, the numerical release rate is identical to female 
equivalents. With the exception of the Conrel fibers, each 
source was wired to a corn plant just above its associated 
trap to facilitate trap replacement without disturbing the 
source. The Conrel fiber was included for comparison with 
the earlier study (Wisniewski 1984). Each fiber was 
individually taped to a two centimeter binder clip which 
could then be attached to a trap easily. 
A field of com following corn located one kilometer 
south of Ames, Iowa, was chosen as the test site. Plant 
counts (Steffey et al. 1982) showed the field had a 
population level of four beetles per plant. The experimental 
design was a split-plot. The main-plot treatments were traps 
baited with one of the eleven sources (Table 1) plus four 
unbaited "check" traps. The treatments were arranged as a 
randomised complete block with four replications. The 
subplots were the two-day trapping intervals. The study was 
conducted over a 42-day period, 21 two-day intervals, from 19 
August to 30 Septendser, 1981. 
Analysis 
A logarithmic transformation was used in all data 
analyses to eliminate the dependence of the variances on the 
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means. Due to repeated sampling, the four checks within each 
trapping interval were averaged for use in all analyses. The 
data were then subjected to analysis of variance and 
regression analysis. 
Results and Discussion 
Treatments will be referred to by number (Table 1) to 
avoid lengthy descriptions. 
Analysis of variance (Table 2) showed that there were 
significant differences among the treatments and among the 
two-day trapping intervals (Time), and that all the 
treatments did not attract and capture WCR adults similarly 
over time (Trts. x Time). Due to repeated sampling over 
time, conservative degrees of freedom (c.d.f.) were used to 
determine significance levels in the lower portion of Table 
2.  
Subdivision of the treatments-by-time interaction 
revealed that all traps baited with Hereon dispensers 
attracted and captured WCR adults similarly over time while 
all traps baited with rubber septa did not. Single degree of 
freedom comparisons within the interaction revealed that 
traps baited with a Hereon sheet or a Conrel fiber attracted 
similarly over time as did the check or traps baited with a 
rubber septum. However, the former combined (Hereon + 
Conrel) attracted quite differently than the latter combined 
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(Septa + Check). Figure 1 shows how the check and traps 
baited with one o£ the three source types captured WCR adults 
over the duration of the study. The lines wore determined by 
linear regression. All slopes are negative and are 
significantly different than zero (P=0.05). 
The significance of the rubber septa (Septa) within the 
treatments-by-time interaction indicates that traps baited 
with some concentrations in septa attracted differently over 
time than traps baited with other concentrations in septa. 
Single degree of freedom compariaons revealed that treatments 
1 and 2 attracted similarly over time as did treatments 2, 3, 
and 4. However, treatment 1 attracted differently (PaO.05) 
than treatments 3 or 4. 
Figure 2 shows how the individual treatments and the 
check attracted and captured WCR adults ever the entire 
experiment. The treatments are grouped with other similarly 
attracting treatments as determined by the subdivision of the 
treatments-by-time interaction. The lines were determined by 
linear regression. All slopes are negative and are 
significantly different than zero (P=0.05), 
Comparisons among the various treatment means and with 
the check by multiple paired t-tests are presented in Table 
3. Treatment 10 so outperformed the others that it is 
recommended for use in subsequent research. 
There was an important relationship between the size of 
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a Hereon dispenser and trap catch. Reducing the size of the 
dispenser by one-quarter had the same effect on trap catch as 
diluting the loading concentration (and therefore the release 
rate) by a factor of ten. 
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Tabla 1. Description of sources compared in this study 
Approximate 
Trt. Size Loading Release Rate 
No. Source (cm*) Concentration (ng/day) 
1 Rubber Septum - 0.1 pg/septum 5 
2 Rubber Septum - 1.0 pg/septum 50 
3 Rubber Septum - 10.0 pg/septum 500 
4 Rubber Septum - 100.0 pg/septum 5000 
S Hereon Sheet 1. 61 15.5 pg/cm* 300 
6 Hereon Sheet 6. 45 15.5 |ig/cm' 1000 
7 Hereon Sheet 1. 61 127.1 pg/em* 3000 
8 Hereon Sheet 6 .  45 127.1 pg/cm* 10,000 
9 Hereon Sheet I .  61 1356.3 pg/cm* 30,000 
to Hereon Sheet 6. 45 1356.3 pg/cm* 100,000 
11 Conrel Fiber tm 390 
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Table 2. Overall analysis of variance and subdivision of the 
treatments-by-time interaction 
Source d.f.(c.d.f.) s.s. F P>F 
Replications 3 1.10 2.4 0.08 
Treatments 11 118.51 71.1 0.001 
Error (a) 33 5.00 
Time 20 (1) 134.73 368.9 0.005 
Trts. X Time 220 (11) 14.85 3.7 0.005 
Septa 60 (3) 3. 30 3 .0 0.05 
Hereon 100 (5) 2. 50 1 .4 0.25 
Hereon vs. Conrel 20 (1) 0. 61 1 .7 0.25 
Septa vs. Check 20 (1) 1. 39 3 .8 0.10 
Hereon * Conrel 
vs. 
Septa * Check 
20 (1) 7. 05 19 .3 0.005 
Error (b) 720 (36) 13.15 
Total 1007 287.34 
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Table 3. Average trap catches of western corn rootworm 
adults with various sources. Ames, Iowa. 1961" 
Approximate 
Trt. Size Release Rate Mean Trap 
No. Treatment (cm*) (ng/day) Catch^ 
10 Hereon Sheet 6.45 100,000 236 a 
8 Hereon Sheet 6.45 10,000 144 b 
b 
9 Hereon Sheet 1.61 30,000 138 b 
7 Hereon Sheet 1.61 3000 80 c 
4 Rubber Septum 5000 63 c 
6 Hereon Sheet 6.45 1000 62 c 
5 Hereon Sheet 1.61 300 46 d 
11 Conrel Fiber 390 45 d 
3 Rubber Septum 500 39 d 
H 
2 Rubber Septum 50 37 d 
1 Rubber Septum -- 5 24 e 
0 Check •V mm- 12 f 
'^Test conducted between 19 August and 30 September, 
^Treatments sharing a common letter do not differ 
significantly at the 5% level as determined by multiple 
paired t-tests. 
51 
2.5 
2.0 
1.5 
& 1.0 
0.5 Mean Hereon 
Conrel Fiber 
Mean Septa 
Check 
10 20 
D A Y S  
30 40 
Figure X. Log of trap catch of western com rootworms over 
the entire experiment 
Figure 2, Log of trap catch of western corn rootworms over 
the entire experiment 
A. Comparison of Hereon sheets and Conrel fiber 
B. Comparison of Rubber Septa and the check 
LOG OF (TRAP CATCH + 1) 
• • • • 
cn o o 
o 
LOG OF (TRAP CATCH + 1) 
o V» o 
to 
o 
o 
54 
SECTION III. THE WESTERN CORN ROOTWORM (COLEOPTERA: 
CHRYSOMELIDAE) SYNTHETIC SEX PHEROMONE: 
AREA OF INFLUENCE OF A SINGLE SOURCE 
Abstract 
Virgin unmated male western corn rootworms, Diabrotica 
virgifera virqifera LeConte, were marked and released at 
various distances in opposite directions from a row of 
Pherocon® AM traps baited with Hereon® Luretape^^ pheromone 
dispensers. The tests were conducted over a two-year period 
in two fields with row directions perpendicular to each 
other. Males moved upwind to a pheromone source but neither 
wind speed nor direction within the corn canopy had an effect 
on how far the males moved. The average distance a male 
moved toward the source was about 18 meters per day. 
Isoprobability recapture lines were determined to be circular 
with radii of 60 m for 1%, 41.25 m for 1.5%, 26.25 m for 2%, 
15 m for 3%, 11.25 m for 6%, and 7.5 m for 11%. The circular 
nature of the isoprobability lines indicates that very little 
directional movement occurs within the corn canopy and that 
the pheromone is dispersed primarily by eddying within the 
planting. The behavioral threshold of a responding male and 
the area of influence of a virgin female emitting natural 
pheromone are estimated using a still air equation. The 
recapture results are compared with those of another study 
conducted with unbaited traps. 
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Introduction 
The existence of a pheromone in the western corn 
rootworm (WCR), Diabrotica virqifera virqifera LeConte, was 
first suggested by Gates (1968). Ball and Chaudhury (1973) 
conducted limited field attraction studies with female 
extracts which provided further evidence of a pheromone of 
limited potency. The existence of a very powerful attractant 
in female extracts was proven by Cuss (1976). Bartelt and 
Chiang (1977) conducted extensive field studies with sticky 
traps baited with either live females or female extracts. 
The structure of the pheromone-secreting cells was described 
by Lew and Ball (1978). It was not until 1980, however, that 
the pheromone was isolated, identified, and synthesized (Cuss 
et al. 1982). Further studies by Cuss et al. (1983) revealed 
8R-methyl-2R-decyl propanoate to be the active stereoisomer. 
Wisniewski (1984) determined that 6.45 cr^ Hereon® LuretapeTM 
pheromone dispensers loaded with 1.36 mg/cm' attracted the 
highest numbers of WCR adults. 
Sticky traps have been used in WCR research since being 
introduced by Kaufmann (1966). Tollefson et al. (1975) 
determined that yellow was the most attractive trap color. 
Nitkowski et al. (1975) reported that the highest 
concentration of flying WCR adults occurred approximately one 
meter above the ground. Hein and Tollefson (1984) determined 
the Pherocon® AM trap, placed at ear level, to be the most 
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effective trapping technique for estimating populations of 
adult rootworms. The temporal efficiency of this trap has 
been studied extensively by Karr (1984) using unbaited traps 
and by Wisniewski (1984) using Conrel® fiber baited traps. 
Steffey (1979) introduced the mark-release-recapture 
method to rootworm research, using it to estimate adult 
populations via the Lincoln Index. While used extensively 
with other species, the study reported here is the first to 
use this method in WCR pheromone research. 
Elkinton and Carde (1984) have recently reviewed the 
transport of chemical signals in the air. The analysis of 
odor dispersion has been dominated by the use of plume 
models; however, only Bossert and Wilson (1963) and Mankin et 
al. (1980) have theoretically treated odor dispersion in 
still air. The former authors introduced diffusion equations 
to estimate pheromone concentrations and active space 
dimensions in still air. The latter authors expanded these 
equations into a model to include the effects of boundaries 
with various degrees of odor adsorption at various distances 
from the source. 
The first objective of this study was to determine the 
effects of wind speed and direction on the movement of male 
WCR beetles toward a pheromone source. The second objective 
was to describe the area of influence of a single source 
emitting WCR synthetic sex pheromone. The area is defined by 
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a aeries of concentric subdivisions within which a certain 
percentage of responding adults may be estimated, i.e., the 
isoprobability lines as described by Wolf et al. (1971). 
This information is important to the development of an adult 
WCR control program using pheromones. The area of influence 
will delineate the optimum distance between adjacent 
pheromone-baited traps used for mass trapping or between 
individual sources used for mating disruption. 
Materials and Methods 
Two fields of corn following corn, one kilometer south 
of Ames, Iowa, were selected as the test sites in 1982 and 
1983. The rows were planted in a north-south direction in 
one field and east-west in the other. In the center of each 
field, nine pheromone baited Pherocon AM sticky traps were 
spaced 7.5 meters apart in a straight line perpendicular to 
the row direction, as described by Karandinos (1974). Traps 
were placed one meter above the ground on com plants and 
were replaced daily. Prior to installation each trap was 
individually inspected and standardized to insure uniformity 
of the amount and distribution of the sticky material. 
The WCR synthetic sex pheromone, 8-methyl-2-decyl 
propanoate, used in this study was a racemic mixture of the 
four diastereomers in approximately equal proportions. 
Hereon Luretape pheromone dispensers (6.45 cm') were used as 
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the sources and were wired to the corn plant just above the 
trap. Each dispenser was impregnated with 9.1 mg of the 
synthetic pheromone and released about 0.1 mg per day. 
Unmated WCR males were supplied by the late Dr. Paul L. 
Cuss, Northern Grain Insects Research Lab., Brookings, South 
Dakota. Prior to use the beetles were maintained according 
to the method established by Branson et al. (1975). Honey 
was added to the dry diet they described to increase 
palatability and to decrease mortality from asphyxiation 
because the beetles become covered with the diet (Cuss, 
personal communication). The males were separated into lots 
of approximately one hundred, immobilized in a refrigerator 
at 3* C, and transferred to a chill table. Individuals were 
marked with a spot of Tester's® model paint placed on one of 
the elytra with a micropipette. Laboratory flight tests 
showed that marking the beetles did not alter their ability 
to fly. This type of paint has been used by Davich et al. 
(1965) to mark boll weevils. The marked beetles were then 
counted and placed in 500 ml cylindrical paper cartons for 
transfer to the field. Eight lots, each containing beetles 
marked with a different color, were released per field in 
alternating three and four day intervals. The study was 
conducted from 12 July to 30 July, 1982, and from 20 July to 
8 August, 1983, with four release dates in each field in both 
years. 
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Linear release points have been used by Karandinos 
(1974) and Patrick and Kensley (1970) in similar research. 
In 1982, the release points were 7.5, 15, 30, and 60 meters 
in opposite directions from and in the same row as the 
central trap. Following analysis of the first year's data, 
it was determined that more information was necessary from 
distances greater than 15 meters but less than 60. 
Therefore, the release points in the second year of the study 
were 22.5, 30, 37.5, and 45 meters from the central trap. 
The marked males were released by placing each carton on 
the ground at its designated site and removing the cover. 
The beetles readily crawled to the top edge of the carton and 
flew away. The containers were collected the following day. 
Dead beetles within one meter of each carton were recorded. 
Six thousand five hundred eighty-six live males were released 
in 1962 and 6155 in 1983. 
Wind speed and direction just above the corn canopy were 
monitored continuously by two different anemometers. One was 
a standard three-cup totalising anemometer. The other was an 
Eco Wind III (Climatronics Corp., Bohemia, New York) 
consisting of a stainless steel three-cup anemometer and a 
vinylclad balsa vane. This unit measures and electronically 
records both wind speed and direction. Although the two 
anemometers both measure wind speed, they do so quite 
differently. The recording anemometer has a threshold speed 
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of one km/hr and is very sensitive to small changes in wind 
speed. The totalizing anemometer has a threshold speed of 
eight km/hr and is only sensitive to large changes. Both 
anemometers were mounted on poles and maintained one meter 
above the top of the corn canopy. The totalizing anemometer 
was located next to the central trap in the field with 
east-west row direction. The recording anemometer was 
similarly located in the north-south row direction field. 
Results and Discussion 
Effects of wind on beetle movement 
Trap catches by all nine traps from a single day were 
totaled by field with respect to beetles released from each 
specific point. The two resulting data sets from each year 
were combined to eliminate the effect of row direction. 
The data from each day were then adjusted for wind 
direction by assigning the direction from which the wind was 
blowing to 0* (north). Priority was given to wind direction 
just before sunset and just after sunrise since Nitkowski et 
al. (1975) have determined that these are times of greatest 
beetle activity. The directions of the original axes were 
then calculated in relation to the wind from 0*. 
Since the distance and direction a beetle moved to a 
trap relative to the wind were known, each beetle was 
converted to a vector quantity. The vectors from all beetles 
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captured on a specific day were added together to obtain 
daily vectors. The daily vectors were first combined into 
two yearly vectors and then one overall vector. In 1982, the 
beetles moved toward the trap from 173*, which is essentially 
upwind, while in 1983 they moved from 134* or south-east. 
Overall, the beetles moved from 155* or south-south-east. 
Although the 1983 data indicate that there is some lateral 
movement, the 1982 and overall data indicate that NCR males 
move primarily upwind toward a pheromone source. 
The distance portions of the daily vectors were then 
correlated with and regressed on wind direction and wind 
speed as determined by the anemometers. Since the beetles 
had been shown to move primarily upwind, cosine of direction 
and cosine of direction squared were used so that the angles 
of equal difference from 180* but on opposite sides of the 
north-south axis had equal values. Wind speed and wind speed 
squared were also correlated with and regressed on distance 
moved. 
Neither cosine of direction nor cosine of direction 
squared were ever significantly correlated with distance 
moved (P=0.05). The correlations and linear regressions 
using wind speed and wind speed squared yielded conflicting 
results. In all cases, the quadratic function accounted for 
significantly more variability than either the linear or the 
square functions. The results of the 1982 data indicate that 
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the wind speeds as measured by the totalizing anemometer were 
superior to those of the recording anemometer, while in 1983 
the opposite was true. Combining data from both years 
indicated that neither anemometer was capable of measuring 
wind speed which could be used to predict how far adult WCR 
males would move toward a pheromone source. These results 
suggest that neither wind speed nor direction within the corn 
canopy had an effect on how far the males moved. This is not 
surprising since the average daily wind speeds were only 
about 5.5 and 2.5 km/hr as measured by the recording and 
totalizing anemometers, respectively. Similar results have 
been reported for Spodoptera littoral!* (Boisd.) by Kehat et 
al. (1976). 
In 1982, the male beetles moved an average of about 14 
meters to a trap, while in 1983 they moved an average of 
about 31 meters. Combining both years, the marked males 
moved an average of about 18 meters. The 1982 average is 
biased toward a smaller number since most of the recaptured 
beetles were released at the shorter distances. The 1983 
average Is biased In the opposite direction since the males 
had to move at least 22.5 meters to be captured. The average 
over both years agrees quite well with the 17 meter average 
Bruss (1981) determined from random movement. 
In conclusion, WCR males moved primarily upwind toward a 
pheromone source, were not affected by wind speed within the 
63 
corn canopy, and moved approximately 18 meters per day toward 
the source. 
Area of influence 
All trap catches from a single release but prior to the 
next release were totaled by field with respect to beetles 
released from each specific point. The two resulting data 
sets from each year were combined as described above. 
The data from each release period were then adjusted for 
wind direction. Examination of the data revealed that 
approximately 60% of all beetles recaptured were caught after 
the first day, 85% after two days, and 95% after three days. 
Wind direction on the first day post release was weighted 
more heavily with subsequent days decreasingly weighted. As 
described above, priority was also given to wind direction 
just before sunset and just after sunrise. The resulting 
wind direction was then assigned to 0* and the directions of 
the axes determined. 
The distance each group of beetles, released at the same 
point, moved to the trap and their direction toward the trap 
relative to the wind direction were thus known. The 
percentage recaptured of the total number of live beetles 
released was then calculated. The vector quantity of each 
group of marked males was then converted from polar to 
rectangular coordinates with an associated recapture 
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percentage. 
Since the data were adjusted to wind blowing from the 
north, down the y-axia, an assumption was made that any point 
represented on one side of this axis should also be 
represented on the opposite side at a similar point. In 
other words, the data were made symmetrical with respect to 
the y-axis. The mean recapture percentage was then 
calculated for all points having the same coordinates. The 
results are shown graphically in Figure 1; the percentages 
are rounded to the nearest whole number. 
The data in Figure 1 were then subjected to a clustering 
(FASTCLUS) procedure (Sarle 1982). This analysis determined 
which groups of points were similar with respect to both 
distance from the trap and mean recapture percentage. Six 
distinct groups were recognised, each with an associated 
recapture probability. The rectangular coordinates for all 
points within each group were then regressed to calculate the 
shapes of the isoprobabllity lines around the trap. Figure 2 
shows the cluster values of all points in Figure 1 and the 
isoprobabllity lines associated with each cluster. The 
isoprobabllity lines describing the area of influence are 
circular with a 1% recapture of marked males released 60 m 
from the source, 1.5% recapture at 41.25 m, 2% recapture at 
26.25 m, 3% recapture at 15 m, 6% recapture at 11.25 m, and 
11% recapture at 7.5 ro (Figure 3). 
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The results of the previous section indicate that wind 
speed does not affect the distribution of pheromone in a corn 
field. The circular nature of the isoprobability lines 
supports this conclusion. Fares et al. (1980) have reported 
that vegetation density is the single most important factor 
influencing pheromone dispersal below a crop canopy. The 
structure of airflow within the canopy is regulated by the 
eddies produced in the upper layers of the crop. The 
molecular diffusion coefficient of most pheromone* is about 
0.05 cm*/sec, but even in a closed warehouse air currents 
occur to increase it by a factor of ten (Mankin et al. 1980). 
Passive diffusion is not enough to explain the outward 
movement of the pheromone in a corn field. Denmead (1964) 
determined that the diffusivity within a forest canopy was 
over 100 cm'/sec. This suggests that the transfer processes 
within the canopy are turbulent and nondirectional in nature 
as compared to transfer processes in the open. This internal 
turbulence was very apparent in the tracings of wind 
direction from the recording anemometer and are sufficient to 
explain the distance the pheromone traversed. The mean daily 
wind speeds, as measured by the recording and totalizing 
anemometers used in this study, were about 155 and 70 cm/sec, 
respectively. The speed from the totalizing anemometer 
agrees with mean wind speeds just above the com canopy 
similarly determined by Caro et al. (1980). They found that 
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the mean wind speed within the canopy was about 30 cm/sec but 
they did not determine associated wind directions. Since 
very little directional movement occurs within the corn 
canopy, the pheromone must be dispersed primarily by eddying 
within the planting. 
Bossert and Wilson (1963) developed the following 
equation for a continuously emitting pheromone source in a 
still environment: 
Q 
**** 2*KD 
^MAX the maximum radius of the area of influence (cm), 
Q is the release rate of the pheromone (ng/sec), K is the 
behavioral threshold of a responding male (ng/cm*), and D is 
the diffusion coefficient of the pheromone (cmf/sec). 
The release rate of the pheromone from the Hereon 
Luretape dispenser is about 0.1 mg/day. The diffusion 
coefficient may be estimated to be about 0.5 cm*/sec (Mankin 
et al. 1980). The results of the previous section indicate 
that the maximum radius of the area of influence is in the 
range of 40 to 60 m. Solving for K and using these values in 
Bossert and Wilson's equation, the behavioral threshold may 
be estimated to be from 6 x 10'* to 9 x 10'® ng/cm®. 
The area of influence of the pheromone emitted by a 
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solitary virgin female may also be calculated with the 
formula. Estimates for D and K are given in the preceding 
paragraph. Females emit about one ng of natural pheromone 
per day. Assuming they release for 30 minutes just after 
sunrise and again for 30 minutes just before sunset, during 
the times of peak activity, the maximum radius of the area of 
influence may be estimated to be in the range of 1.0 to 1.5 
cm. While these numbers and those in the preceding paragraph 
are only approximations, they may be used as such in further 
research until the exact diffusion coefficient is determined. 
Steffey (1979) recaptured only 70 out of about 50,000 
marked beetles or 0.14%, most of which were recaptured only a 
few meters from the release points. In this study, 302 out 
of 12,741 or 2.37% were recaptured, with a number of beetles 
being recaptured from 40 or more meters. The WCR synthetic 
sex pheromone is a potent attractant and has potential for 
use as a major component in an adult control program. 
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SECTION IV. THE WESTERN CORN ROOTWORM (COLEOPTERA: 
CHRYSOMELIDAE) SYNTHETIC SEX PHEROMONB: 
DISRUPTION OF MALE RESPONSE TO "CALLING" 
VIRGIN FEMALES 
Abstract 
Unbaited Pherocon® AM traps and traps baited with caged 
virgin female western corn rootworms, Diabrotica virgifera 
virgifera LeConte, were placed in the centers of pairs of 
adjacent five-by-five grids of Hereon® LuretapeTM pheromone 
dispensers. Over a two year period, the distances between 
adjacent pheromone sources were 7.5, 15, 22.5, 30, 37.5, 45, 
and 52.5 meters in each grid pair. Baited and unbaited trap 
pairs not surrounded by pheromone sources were also included 
as checks. Data were analysed and similar results were 
obtained when using either number or percentage of males 
captured per trap. For each pair, the trap baited with 
virgin females always captured significantly more males than 
the unbaited trap, whether surrounded by pheromone dispensers 
or not. Regression analyses showed that as sources are 
placed farther apart the males are more successful in 
locating the pheromone-emitting females. Dispensers 
uniformly distributed at distances of 30 meters or less 
caused a significant reduction in the number and percentage 
of responding males, as determined by comparing catches in 
baited or unbaited traps with their respective checks. 
Sources spaced over 30 meters apart did not cause significant 
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response disruption when compared with the checks. Ninety 
and one-hundred percent male response disruption was obtained 
with the 15 and 7.5 meter spacings, respectively. 
When compared with plant counts, virgin-female baited 
traps detected proportionate differences in population sizes. 
Pheromone-baited traps may be useful as a relative sampling 
method for western corn rootworm adults. 
Introduction 
The existence of a pheromone in the western corn 
rootworm (WCR), Diabrotica virqifera virqifera LeConte, was 
first suggested by Gates (1968). Ball and Chaudhury (1973) 
conducted limited field attraction studies with female 
extracts which provided further evidence of a pheromone of 
limited potency. The existence of a very powerful attractant 
in female extracts was proven by Cuss (1976). Bartelt and 
Chiang (1977) conducted extensive field studies with sticky 
traps baited with either live females or female extracts. 
The structure of the pheromone-secreting cells was described 
by Lew and Ball (1978). It was not until 1980, however, that 
the pheromone was isolated, identified, and synthesized (Cuss 
et al. 1982). Further studies by Cues et al. (1983) revealed 
8R-methyl-2R-decyl propanoate to be the active stereoisomer. 
Wisniewski (1984) determined that 6.45 cm' Hereon® Luretape?** 
pheromone dispensers loaded with 1.36 mg/cm' attracted the 
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highest numbers of WCR adults. He has also described the 
area of influence around this source. 
Sticky traps have been used in WCR research since being 
introduced by Kaufmann (1966). Tollefson et al. (1975) 
determined that yellow was the most attractive trap color. 
Nitkowski et al. (1975) reported that the highest 
concentration of flying WCR adults occurred approximately one 
meter above the ground. Hein and Tollefson (1984) determined 
the Pherocon® AM trap, placed at ear level, to be the most 
effective trapping technique for estimating populations of 
adult rootworms. The temporal efficiency of this trap has 
been studied extensively by Karr (1984) using unbaited traps 
and by Wisniewski (1984) using Conrel® fiber baited traps. 
Mating disruption is the most promising prospect for 
control of insect pests with pheromones (Birch and Haynes 
1962, Kydonieus and Serosa 1982). While Serosa (1960) was 
the first to conceptualise the technique, it was not until 
seven years later (Gaston et al. 1967) that a preliminary 
field test proved its feasibility for insect control. Since 
then mating disruption trials have been attempted for over 
130 different arthropod species (Klassen et al. 1982). 
Sparks (1980) has reported that 170 separate trials have been 
conducted with Lepidoptera alone. 
Due to insect diversity, assessment of the effects of 
disruption experiments are usually comparable only within 
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ecologically similar groups. General methodologies have been 
presented by Roelofs (1980 and 1981) and Minks (1977). 
Roelofs (1979) has described five steps in the development of 
a disruption system leading to definitive efficacy tests. 
These steps are applicable to any insect. The first two, 
chemical characterization and initial screening, have been 
accomplished for the WCR, as described above. The evaluation 
of the third step in the progression is the purpose of this 
paper. The results presented are important to the 
development of tests in steps four and five, small and large 
plot field trials to evaluate the effects of pheromone 
inundation on actual female mating and subsequent progeny 
production, respectively. 
The first objective in this study was to identify the 
distance between adjacent pheromone dispensers, uniformly 
distributed, needed to obtain 90% male response disruption. 
Knipling (1979) has mathematically determined that 9(% mating 
reduction is the minimum necessary for an effective control 
program. The second objective was to determine the maximum 
distance between uniformly distributed sources which still 
causes significant response disruption. This will determine 
the deployment pattern which will result in the greatest 
amount of coverage of an entire area with the least amount of 
overlap of the areas affected by the individual sources. The 
information could ultimately be incorporated into an adult 
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WCR control program using the synthetic sex pheromone as a 
major component. 
Materials and Methods 
Procedure 
The WCR synthetic sex pheromone, 8-methyi-2-decyl 
propanoate, used in this study was a racemic mixture of the 
four diastereomers in approximately equal proportions. 
Hereon Luretape pheromone dispensers (6.45 cm*) were used as 
the sources and were wired to corn plants one meter above the 
ground. Each dispenser was impregnated with 9.1 mg of the 
synthetic pheromone and released about 0.1 mg per day. 
Pherocon AM traps were used throughout the trials and 
were placed one meter above the ground on corn plants. The 
traps were replaced daily. Prior to installation each trap 
was individually inspected and standardised to insure 
uniformity of the amount and distribution of the sticky 
material. 
Virgin WCR females were supplied by the late Dr. Paul L. 
Cues, Northern Grain Insects Research Lab., Brookings, South 
Dakota. Prior to use the beetles were maintained according 
to the method established by Branson et al. (1975). Honey 
was added to the dry diet they described to increase 
palatability and to decrease mortality from asphyxiation 
because the beetles become covered with the diet (Cuss, 
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personal communication). Lots of five virgin females, 
supplied with corn silks for moisture, were placed in 
ten-dram plastic vials which were capped with wire mesh to 
allow release of the natural pheromone. The vials were wired 
to corn plants and each vial was surrounded by a trap. The 
females and corn silks were replaced daily. 
In 1982, four fields of corn following com were chosen 
so that one end of each field could be completely inundated 
with pheromone. The fields were located one kilometer south 
of Ames, Iowa, and were within a one square kilometer area. 
The trap pairs, unbaited and baited with virgin females, were 
installed in the centers of two adjacent five-by-five grids 
with each trap being surrounded by 24 pheromone dispensers. 
The distances between adjacent pheromone sources were 7.5, 
15, 22.5, and 30 meters in each of the four fields, 
respectively. A single 24-hour period served as a replicate. 
The baited and unbaited trap areas within a field were 
reassigned at random for each new replicate. Twenty 
replicates were conducted between 17 August and 18 September, 
1982. A similar design has been used by Shorey et al. 
(1972). 
One additional trap was maintained about 0.5 kilometers 
from the grid area in the field with dispensers spaced 22.5 
meters apart. The trap was baited with virgin females but 
was not surrounded by pheromone dispensers. This provided an 
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estimate of the attractiveness of a trap baited with virgin 
females. 
In 1983, the experimental design was modified to 
eliminate the confounding of fields with dispenser spacings. 
A field located about ten kilometers south of Ames, Iowa, 
which plant counts (Steffey et al. 1982) showed to have a 
heavy beetle population, was chosen. The field was 
approximately 215 meters by 1.6 kilometers: the first half 
was corn following corn while the second half was first-year 
corn. Adult populations were about 2 and 0.5 beetles per 
plant in each of the two halves, respectively. Both halves 
were divided into three areas, one central check area between 
two treatment areas. 
The pheromone dispenser and trap arrangement in each of 
the four treatment areas was the same as in X982. The 
distances between adjacent pheromone sources were 30, 37.5, 
45, and 52.5 meters in each of the four treatment areas, 
respectively. Thirty meters was used as a basis for 
comparison with the data from the first year of study. The 
longer distances were used to determine the maximum distance 
between dispensers while concurrently retaining some response 
disruption. The distances were assigned to the treatment 
areas in four weekly intervals between 15 August and 11 
September, 1983, so that each area was assigned each distance 
only once, a Latin Square design over four weeks (Perry et 
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al. 1980). The check areas consisted of the two centrally 
located traps, one baited with virgin females and one 
unbelted, placed 30 meters apart. These areas were similar 
to the treatment areas but without the pheromone dispensers. 
The baited and unbelted trap sites within an area were again 
randomized daily with each 24-hour period being considered a 
replicate. Five successive replicates were conducted before 
the distances between the pheromone sources were changed. 
Analysis 
Both number of males captured and percent males captured 
were examined in the analysis. All data were transformed to 
eliminate the dependence of the variances on the means. A 
logarithmic transformation was performed on %he 
number-captured data while an arcsine transformation was 
performed on the percent-captured data. All data were then 
subjected to analysis of variance and regression analysis. 
Each year's data were examined separately due to the 
differences in the experimental designs. In both years, 
three similar analyses were conducted. The checks, those 
traps not surrounded by pheromone sources, were deleted and 
the data were analyzed as a split-plot with the subplots 
being the baited vs. unbaited traps. In 1982, the whole 
plots were arranged as a randomized complete block with the 
various distances replicated over twenty days. The 
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split-plot analysis was modified as described by Cochran and 
Cox (1957) in section 2 of chapter 14. In 1983, the whole 
plots were arranged as a Latin Square as described above. 
The second analysis included only those traps which were 
baited with virgin females, including the checks, while the 
third analysis included only unbaited traps. In these last 
two analyses in 1982, the data were examined as a randomised 
complete block with the various distances replicated once per 
day over twenty days. Due to repeated sampling, conservative 
degrees of freedom were used to determine differences among 
means. In 1983, the five successive replicates per week were 
averaged into a trial mean. The use of conservative degrees 
of freedom was unnecessary since the study was arranged as a 
Latin Square over the four trials. 
In 1983, the two halves of the field had different crop 
histories and checks were included in each. These checks 
were first examined by themselves and found to be 
significantly different. As a result, the checks were 
included in each of the three analyses described above and 
either combined or separated with respect to crop history 
within the field (first-year com or com following corn). 
Although the experimental design was different in each 
year, similar treatments were included in both years. Paired 
t-tests were used to determine differences among these means. 
The data from both years were then combined and regression 
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analyses were conducted to determine trends within the baited 
and unbaited traps surrounded by pheromone sources. 
Results and Discussion 
Traps are referred to as either "baited" or "unbaited" 
depending on whether they contained virgin females or not, 
respectively. Traps surrounded by pheromone dispensers were 
"treatments", while "check" traps were not surrounded. Since 
the results were similar and there was no advantage in using 
percentage data, only numerical data are presented. 
1982 Observational study 
The results are shown in Figure 1. The analysis of 
variance revealed no differences among the unbaited 
treatments at the various distances. While the slope of the 
line is negative, it is not significantly different than zero 
(P=0.05). Unbaited traps did not capture significantly 
different numbers of males when surrounded by pheromone 
sources uniformly spaced 7.5 to 30 meters apart. 
The baited treatments captured significantly more males 
than the unbaited treatments (P=0,0001). Examination of the 
baited treatments alone determined that the check was 
significantly different (P=0 025) than the traps surrounded 
by pheromone sources at any distance. There were no 
differences between sources spaced 7.5 or 15 meters apart or 
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between sources spaced 22.5 or 30 meters apart. However, 
traps within the latter distances caught significantly more 
males than traps within the former distances (P=0.05). 
Regression analysis of mean trap catch over source placement 
distances determined that the slope was positive and 
significantly different than zero (P=0.025). 
The positively sloping line for the baited treatments 
indicates that as dispensers are spaced farther apart the 
males are more successful in locating the pheromone-emitting 
femaloa. Sinee the baited treatments are all significantly 
different than the baited check, sources spaced 30 meters 
apart or less have disruptive ability. Ninety percent male 
response disruption was obtained with dispensers spaced 
approximately 15 meters apart. 
Baited traps surrounded by pheromone dispensers 7.5 
meters apart did not capture significantly different numbers 
of males than unbaited traps similarly surrounded. Total 
response disruption was accomplished with dispensers spaced 
7.5 meters apart. With sources spaced this close together the 
air was so permeated with the synthetic pheromone that the 
responding males were unable to locate the source of the 
natural pheromone. 
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1983 Experiment 
The results are shown in Figure 2. The traps baited 
with virgin females captured significantly (P=0.01) more 
males than the unbaited traps, whether the checks were 
included or not. No differences were detected among any of 
the baited treatments or among any of the unbaited 
treatments. None of the slopes, determined by regression 
analysis, are significantly different than zero (P=0.05). 
There was also no difference between any baited treatment and 
the baited check or between any unbaited treatment and the 
unbaited check. Compared with the checks, pheromone 
dispensers distributed uniformly from 30 to 52.5 meters apart 
did not cause significant response disruption. 
The only other significant difference was among the 
areas within the field (P=0.003) which was completely 
accounted for by the difference between the crop histories 
(PsO.0005). Traps in the half planted to continuous corn 
caught about four times as many males as traps in the half 
planted to first-year com. The traps, both baited and 
unbaited, detected population differences between the two 
crop histories as expected and in exactly the same proportion 
as determined by plant counts taken prior to initiation of 
the study. While unbaited traps are more economical and have 
been studied extensively, as described above, these results 
show that Pherocon AM traps baited with virgin females are 
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capable of detecting proportional differences in populations 
of WCR adults. Traps baited with pheromone, either natural 
or synthetic, may be useful as a relative sampling method for 
WCR adults. 
Combined data 
The 1982 results indicated that sources spaced 30 meters 
apart or less have disruptive ability. The 1983 data 
indicate that sources spaced 30 to 52.5 meters apart do not 
cause significant response disruption. Combining data from 
both years and examining the means helps resolve the 
conflicting results at 30 meters. The 30 meter treatments, 
whether baited or not, always captured significantly fewer 
males than their respective checks (P=0.001). In conclusion, 
dispensers uniformly distributed at distances of 30 meters or 
less caused a significant reduction in the number and 
percentage of responding males as determined by comparing 
catches in baited or unbaited traps with their respective 
checks. Dispensers spaced over 30 meters apart did not cause 
response disruption when compared with the checks. 
The results of the regression analyses are shown in 
Figure 3. Quadratic models did explain slightly more of the 
variability, but not enough to warrant adoption over the less 
complex linear models. As sources were spaced farther apart, 
the males were more successful in locating both baited and 
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unbelted traps. Since the lines are essentially parallel, 
the baited and the unbaited traps acted similarly over the 
various distances. With respect to the baited treatments, 
the results from the combined analysis support the results 
obtained from the 1962 data. In conclusion, pheromone 
sources should be spaced about 15 meters apart to realize 90% 
male response disruption. 
This study was designed to test male response disruption 
and does not attempt to equate this with mating reduction. A 
diminished attractancy to traps baited with virgin females 
does not necessarily mean that mating frequency has actually 
been reduced and cannot be used as the sole criterion for 
such an assumption. This type of experiment is useful as an 
indicator that the dispensers, the deployment of the 
dispensers, and, therefore, the amount of pheromone released 
per unit area are optimal for mating reduction to occur. In 
this light, this study is important to the development of a 
pheromone-based adult control program. However, the absolute 
criterion, the actual amount of mating reduction, has yet to 
be determined. 
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SUMMARY AMD CONCLUSIONS 
Preliminary results obtained by the lato Dr. Paul Cuss 
indicated that the Conrel fibers, releasing synthetic 
pheromone at a rate of 390 ng per day, would be suitable 
sources for subsequent research. A study was designed to 
test the temporal efficiency of Pherocon AM traps baited with 
these sources. Low numbers of beetles captured by these 
traps, about 30 per day, indicated that this particular 
source was not effective in attracting large numbers of WCR 
adults. Two concurrent tests were then conducted to 
determine if large numbers of beetles could be attracted to 
this trap. In the first study, Pherocon AM traps baited with 
five, one, or zero Conrel fibers were compared. The second 
study compared various pheromone dispensers. 
Traps baited with five fibers captured 1.6 times as many 
WCR adults as similar traps baited with a single fiber; 
however, this equates to only about 40 beetles per day. Dr. 
Cuss, in Brookings, South Dakota, was capturing about 900 
beetles per trap per day with fibers from the same lot. A 
different source or release rate seemed necessary to obtain 
comparable results in Iowa. 
Catches in Pherocon AM traps, baited with one of eleven 
different sources, were compared with each other and with an 
unbaited trap. The dispensers consisted of six Hereon sheets 
(three concentrations, each in two sizes), four 
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concentrations in red rubber septa, and one Conrel fiber. 
Multiple compnrU'>ons among the âourcoa dotorninod that the 
6.45 cm' Hereon sheet, releasing pheromone at a rate of 0.1 
mg per day, outcaptured the other sources and was used in 
subsequent studies. In studies conducted in different fields 
during 1982 and 1983, these sources were able to capture 
about 700 and 1300 adult WCR beetles per trap per day, 
respectively. This source at this release rate is 
recommended for further research. 
The area of influence of a single source was determined 
by marking, releasing, and recapturing unmated male WCR 
adults. The isoprobability lines describing the area of 
influence are circular with a 1% recapture of marked males 
released 60 m from the source, 1.5% recapture at 40 m, 2% 
recapture at 25 m, 3% recapture at 15 m, 6% recapture at 10 
m, and 11% recapture at 7,5 m. These lines are circular 
since very little directional movement of wind occurs within 
the corn canopy. The pheromone is primarily dispersed by 
eddying within the planting. 
The disruption of males responding to pheromone-emitting 
virgin females was tested over a two year period. Ninety 
percent disruption was obtained with pheromone dispensers 
uniformly spaced 15 meters apart. Total disruption was 
attained with a 7,5 meter spacing. Sources spaced up to 30 
96 
meters apart cause a significant decrease in male response 
ability. 
Roelofs (1979) has listed four steps, and implied a 
fifth, in the development of a system that utilizes an 
attractant. The first step, chemical characterization, was 
accomplished by Guss et al. (1982). Step two, maximization 
of trap catch, and step three, determination of optimum trap 
spacing and density, have been completed here. Step four, 
determination of the feasibility of using the attractant in 
combination with a toxicant, sterilant, or pathogen, has 
recently been initiated by other researchers but results have 
not yet been published. Step five, large scale efficacy 
tests to determine if the method is effective, should be the 
subject for future research. 
Roelofs (1979) has also described five steps in the 
development of a disruption system that lead to definitive 
efficacy tests. The first step, chemical characterization, 
was accomplished by Cuss et al. (1982). Step two, initial 
screening of different sources and different release rates, 
and step three, small plot trials to evaluate the effects of 
pheromone inundation on male response disruption, have been 
completed here. Further research must be directed toward 
illumination of the final two steps. Small plot, step four, 
and large plot, step five, field trials must be conducted to 
evaluate the effects of pheromone inundation on actual female 
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mating and subsequent progeny production. The completion of 
these tests, and those mentioned in the preceding paragraph, 
will ultimately determine the feasibility of an adult NCR 
control program using the synthetic sex pheromone as a major 
component. 
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